Within the emerging discipline of Equitation Science the application of consistent methodology, including robust objective measures, is required for sound scientific evaluation. This report aims to provide an evaluation of current methodology and to propose some initial guidelines for future research. The value of research, especially that involving small sample sizes, can be enhanced by the application of consistent methodology and reporting enabling results to be compared across studies. This paper includes guidelines for experimental design in studies involving the ridden horse. Equine ethograms currently used are reviewed and factors to be considered in the development of a riddenhorse ethogram are evaluated. An assessment of methods used to collect behavioral and physiological data is included and the use of equipment for measurements (e.g., rein-tension and pressure-sensing instruments) is discussed. Equitation science is a new discipline, subject to evolving viewpoints on research foci and design. Technological advances may improve the accuracy and detail of measurements, but must be used within appropriate and valid experimental designs.
Introduction
Equitation science seeks to evaluate the horse-human partnership and gather scientific evidence that can improve the training, performance and welfare of the ridden horse. Equitation science incorporates multi-disciplinary methodologies, including approaches taken from anatomy and physiology, ethology, veterinary medicine, physics and psychology. To date there have been a number of studies set up to evaluate specific factors that may affect the ridden horse, including tack and equipment (e.g. Manfredi et al., 2005; Heleski et al., 2009; Quick and Warren-Smith, 2009 ), training (McLean, 2008; Egenvall et al., 2012) and the rider (König von Borstel et al., 2011a) . Such studies form the basis for the integrated discipline of equitation science. However methodological problems and small sample sizes continue to adversely affect some aspects of ridden-horse research. Standardization of management procedures is often difficult because horses belong to different owners. Riders, handlers or owners are often part of the research and constitute an additional source of uncontrolled variation. The development and use of robust, valid objective measures will encourage data collection and appropriate methodological reporting that will advance the science of equestrianism for the potential benefit of both horses and humans.
Due to the way horses are owned and/or managed and the nature of most research, some problems commonly occur in experimental design. We outline some basic principles of experimental design to be considered when planning a study involving ridden horses and include recommendations for the collection/recording of behavioral and physiological data. We provide guidelines for studies that assess learning and training. Within the section on experimental design we include recommendations for factors that should be recorded (sample variables, rider characteristics and environmental factors). The development of a ridden-horse ethogram is the first step in quantifying observations of behavioral responses of horses during riding. The basis of equitation science lies in the development of ethograms with reliable and valid parameters enabling a consistent and standardized assessment of the horse's response. Technology exists that allows us to measure some interactions between rider and horse (e.g., rein-tension gauges and pressure sensors), so recommendations for its use, and its limitations, are discussed.
We hope that this report will be the first stage in the standardization of equitation science methods. That will allow more rapid progress within this discipline and facilitate the collection of evidence. Readers are strongly encouraged to visit the research pages of the International Society for Equitation Science's (ISES) website (www.equitationscience.com) to check for updates.
The design of experiments involving ridden horses and reporting results

Ethical considerations and informed consent
The effect of studies on the horses and the justification for/mitigation of any residual distress is the focus of animal ethics committees. The work must be legal under the legal framework of the country in which the study is being conducted. Even observational studies are subject to institutional animal ethics committee review. In developing their studies, researchers must consider the suitability of the animals studied -careful habituation of the horses to any scientific equipment to be used should be undertaken prior to starting the study. Wherever feasible, veterinary examination of horses prior to their use in studies is strongly advised. Should anyone be concerned about responses to the equipment, horses can be withdrawn from the study and this option must be made clear. Inclusion and exclusion criteria must be stated and followed.
The involvement of human subjects and stakeholders in scientific research also requires ethical review prior to the study. Use of the Physical Activity Readiness Questionnaire (PAR-Q) is encouraged for human participants to indicate potential health concerns. Any human subject must provide written informed consent. This requirement also pertains to owners of the horse(s), the employers of any riders and venue owners. Human participants must be fully informed of all that is required of them during the study. To achieve the goal of producing relevant results, it is important to make the measurement situation as "ecologically valid" as possible. It is likely that both horse and rider will be required to wear scientific equipment and may be asked to perform particular movements, not simply execute their normal training routines. It is likely that further biological information about riders will be recorded (e.g., limb lengths, bodyweight). The type of data that will be taken, and what will happen with it (including issues such as confidentiality of data), should be outlined before the study. Where measurements taken have the potential to reveal health issues in participants, researchers should inform participants of this possibility but also make it clear that measurements are not made in a clinical capacity and are not diagnostic. Researchers should consider how they will advise the participant if such situations arise. Health and safety concerns must be incorporated into any study, which is required as part of an ethical review process of any academic institution.
Human participants retain the right to withdraw themselves and their data from the study up to a specified time point, typically the point of submission for publication. Unless explicit consent is given, reporting of results must be in an anonymous format.
As equine behavioral medicine matures, we will become better at identifying individuals at high risk for certain disorders. Evidence of resistance to extinction as an attribute of stereotypic horses (e.g., Parker et al., 2008) suggests that we should also become more skilled at identifying horses that have true learning deficits.
Sample Size
Achieving large sample sizes in equine research is challenging, with costs often a major limiting factor. This challenge is greater when both horses and riders are involved. Participants (human and equine) will often be recruited from the equestrian industry and it is unlikely that large groups of horses that must be fed, housed, and ridden homogeneously will be accessible. Small samples can be useful if all characteristics of the horses and riders involved are recorded fully (see Sample characteristics and variables relating to rider and environment). Depending on the study it may be necessary to standardize features of the horse such as age, breed or gender. Repeated measures designs reduce the effect of individual variation and allow horses to be used as their own controls. The potential effect of different riders needs consideration within the design of the study. One rider will maximize consistency across horses but the results of the study might be attributable to the skills and experience of that individual rider. When multiple riders are used, the effect of different horsehuman combinations must be considered. The controls to mitigate for rider effects will depend on the aim of the study and the resources available.
Where multiple treatments are involved, sample sizes should be increased unless treatment order effects can be controlled for by using a crossover design. Each treatment can leave a legacy and although wash-out periods between treatments help to reduce this effect, they do not guarantee that each horse is at a baseline condition at the start of the next treatment.
The optimal sample size balances statistical power with the practicality of accessing a large sample group (Eng, 2003) . Unfortunately, a priori sample size calculation has been neglected rather commonly in equitation research where practical considerations largely determine the number of studied subjects. Researchers are strongly advised to conduct sample size calculations when they are planning a new experiment and to report the methods in their publications. Numerous guidelines exist for calculating power and/or sample size for various research designs (e.g. Cohen, 1988; Lenth, 2001) . Additionally, free software is available to conduct power and sample size calculations for various research designs (e.g. Faul et al., 2007) .
Standard deviations of the measures taken should be presented in the results to enable researchers to calculate the optimum sample size for future studies. Statistical analysis should be considered during planning and before data collection begins. In addition, the value of pilot studies cannot be over-emphasized. Researchers are strongly advised to seek expert statistical guidance in the final design of studies prior to starting data collection.
Randomization and blinding of trials
In any experiment variable levels of skill and bias in the experimenters and other personnel, such as riders and handlers, may affect the results (Kuehl, 2000; Morris, 2010) . When interventions may influence data (e.g., training programs, physiotherapy), studies should be blinded to the extent possible until after data collection/analysis is completed. A further challenge is that when riders know what is being measured they may ride differently from normal, so riders should also be blinded. This may simply involve, for example, not knowing whether the pressure sensor is actually connected to the computer.
Sample characteristics and variables relating to rider and environment
Many variables may influence the behavior of the horse-human dyad. These variables should be clearly described, in a standardized way, in any study involving ridden-horse behavior and should include characteristics of horse, rider and environment. Table 1 provides a list of these variables and a suggested mode for reporting them. The list is not exhaustive but includes the main factors to be reported. For example, skill level in riders is an important variable in equitation science studies.
By including details of these experimental variables in a consistent way, the comparison of different studies will be facilitated. With reference to Ethical considerations and informed consent, human participant details should not be attributable to individuals and must be stored securely. Compliance with relevant legislation relating to data protection is essential.
Null findings should be reported in order to avoid repeats of studies that have already been carried out but have not been published. They will also inform future studies and can provide valuable insights into equitation per se.
Many of the above-mentioned variables will have more than two levels, so analyzing the influence of these variables and/or multiple treatment effects calls for consideration of multiple comparisons in the statistical analysis. Although some argue that it may not be necessary (Rothman, 1990; Perneger, 1998) to adjust for multiple comparisons, the best approach involves assessing each situation for risks of type I and type II errors and deciding whether adjustment for multiple comparisons is needed. The use or non-use of adjustment methods should be clearly stated and decisions to not use multiple comparison adjustments should be justified by the authors.
Behavioral and physiological data
Recording ridden-horse behavior
The evaluation and manipulation of the horse's behavior is fundamental to equitation and equestrian sports . The behavior of the horse is the final manifestation of all the processes active in its brain and body, their interactions and, in the ridden horse, is directly influenced by human action. To report on equine behavior and to discuss it, a clearly defined and widely understood and accepted definition of behavior units is required. At this point, such a basic ethogram of the domestic horse during interactions with humans is not available, although the equid ethogram by McDonnell (2003) is an important standard. Lehner (1996) defines an ethogram as a comprehensive set of descriptions of the characteristic behavior patterns of a species. Martin and Bateson (2007) emphasize that quantitative recording of behavior should be preceded by a period of informal observation, aimed at understanding and describing both the subjects and the behavior of interest. This first phase of observing and clearly describing behavior permits formulation of relevant research questions for quantitative and experimental research.
The treatise of Xenophon on Horsemanship, written more than 23 centuries ago, is widely referred to as one of the oldest documents on ridden horse behavior containing information that is still relevant today (Morgan, 1993) . Currently the Fédération Equestre Internationale (FEI) produces guidelines for assessing ridden-horse behavior in the discipline of dressage, in which detailed descriptions of the movement involved and assessment criteria are provided (FEI, 2012a). The dressage movements described are all based on natural movements of the horse (Ödberg and Bouissou, 1999) . However, within the FEI guidelines only desired behaviors are described in detail and there is limited reference to specific behavioral events. Although it is important to incorporate currently-used equestrian behavioral descriptors, a more comprehensive ridden-horse ethogram is required for use within experimental studies. Table 2 provides an overview of studies from the area of equitation science that include an ethogram. For adaptation to the individual situation, each paper assessing ridden-horse behavior should, essentially, contain its own ethogram of ridden-horse behavior. However, using a common basis would be advantageous to compare different studies, and the list of definitions by McGreevy et al. (2005) , in addition to descriptors included in the FEI Guidelines (FEI, 2012a), can provide a starting point for developing a standard ethogram for ridden-horse behavior.
Before behavior units or action patterns can be studied to determine their function, causation or ontogeny, they must first be clearly described. This starts with the description of the movement of body parts and combination of body parts leading to an assessment of the whole animal. Objective nomenclature generally demands the use of the Nomina Anatomica Veterinaria (ICVGAN, 2012) , with a lay glossary made available for use by the entire equestrian community. Lehner (1996) states that since functional descriptions can be confusing and misleading, they should be avoided, except when the function is intuitively obvious or supported by data. This emphasizes that any functional interpretation should always be supported by data on the relation with physiological, social or environmental parameters. A functional ethogram is necessary for many studies, but it needs regular updates to incorporate the rapidly evolving knowledge of functional interpretation of behavior units.
The methods to develop a functional ethogram should be sound, evidence-based and repeatable. Taylor and Mills (2006) described clearly which steps to take for assessing dog behavior. It is suggested that these steps are valid for all animal species and should be considered in every study.
For an ethogram or protocol to be reliable and valid, standardization of the assessment is a minimum requirement. To do this, all potential sources of variability must be identified and controlled or at least taken into account and reported. Standardization also relates to the formalization of reporting the animal's response by the use, for example, of check sheets, videos or voice recordings.
The reliability of the assessment demands that the researchers describe how well observers are trained to reliably and consistently score the behaviors in the ethogram. This is a fundamental for both inter-and intra-observer reliability. Differences between observations can be caused by imprecise definitions in the ethogram that allow too much room for interpretation. In all studies, reliability of the observers should be tested in a pilot study and stated. Usually, this is reported using Kappa or Kendall correlation coefficients. Repeatability, calculated on the basis of variance components from mixed-model analyses, can also be used and has the advantage that the values are corrected for other potentially influencing factors. It is generally accepted that a Kappa or Kendall value of 0.41-0.60 is regarded as average concordance, a value of 0.61-0.80 as substantial and above 0.80 as excellent concordance (Burn et al., 2009 ).
Validation of the behavioral units should demonstrate how they reflect precisely what they are intended to measure. Correlating the results with physiological measures and/or other scoring techniques, such as questionnaires, and assessing repeatability of the behavioral elements across similar situations may provide additional support for the validity of a behavior pattern. For training purposes, video images may be essential, for example to test the reliability of observers over time. For video images to be useful for quantitative studies, one suggestion has been to maintain the horse's midline perpendicular to the lens. Cameras should be stationary (mounted on a tripod). Color footage with a minimum of 25 frames per second is preferred. Both the horse and the handler/rider should be completely visible at all times. In cases of long-reining or driving, this may require the use of two synchronized cameras. Multiple synchronized cameras can also record behavior from different angles simultaneously. To promote international uniformity and standardization of behavioral assessment, the International Society for Equitation Science (ISES) is collecting representative examples of behavior units to be included in an ethogram. It is anticipated that these examples will be made available online at the ISES website (www.equitationscience.com) and will be updated if better examples become available.
The descriptive definitions of behaviors can and should be a starting point for research on proximate and ultimate causes, functional attribution, physiological correlations or ontogeny. An ever-growing array of technical instruments to measure physical and biochemical variables allows detailed quantitative studies on the interpretation of the described behaviors. Techniques such as accelerometry, morphometry, kinematics, heart rate, infra-red thermography or assays of hormones, neurotransmitters or other biochemical markers, will help to validate and elucidate the functional interpretation of behavior units. This will lead to an equine ethogram with evidence-based functional definitions.
To facilitate comparability between studies, behavior patterns should be reported in frequencies (or duration, where appropriate) per hour of riding, or calculated as percentages of total riding time.
Physiological measures
For an accurate interpretation of behavior, the effect of training and equipment on the horse and for evidence based recommendations, objective measures are required. To evaluate the (emotional) response of the horse to ridden work, a number of physiological measures are commonly used, with the proviso that factors such as exercise level, fitness and age be taken into consideration when interpreting the results. Most importantly, the relationship between physical activity and changes in heart rate, heart rate variability (HRV) and hormonal responses must assessed. Environmental factors, such as footing and climatic conditions, can influence the level of physical effort and needs to be taken into account. Moreover, since it has been shown that horses demonstrate individual variation in heart rate parameters (Visser et al., 2002) , good controls within the studies are necessary. Studies by Schmidt et al. (2010a) and Jansen et al. (2009) provide examples of how this measure has been used to monitor emotional responses in ridden horses. Other measures currently used are changes in heart rate variability (HRV), cortisol release and, more recently, changes in surface temperature as measured by infrared thermography (IRT).
A recent review of methods to validate methods for assessment of equine personality cites studies that measure both behavior and physiology in potentially stressful situations (see Table 2 in König von Borstel, 2013) . In these studies correlations between physiological and behavioral data are in a medium to low range.
Heart rate variability (HRV):
Little is known regarding thresholds at which stress, as assessed by the different HRV parameters, becomes negative (i.e., distress) and when it becomes pathological. So when some method results in higher levels of physiological stress, based on HRV measurements, it may be too early to conclude that that method is less desirable or more harmful.
As human mental states are known to have measurable effects on horse heart rate (e.g. von Borstel et al., 2005 , König von Borstel, 2008 , all participants and observers should ideally be blinded to treatments. Unless standards for error correction in heart-rate raw data are determined beforehand, the statistician/person dealing with the data should ideally also be blinded to treatments.
a. What endpoints to measure:
It is important to ensure that endpoints are biologically, clinically and behaviorally meaningful. The Task Force of the European Society of Cardiology (1996) gives some recommendations regarding the minimum lengths of measurement periods for the different HRV parameters to be valid. This relates to human HRV, but since the underlying physiological mechanisms tend to be similar across species; these values may be a good starting point for horses, too.
Assessing repeatability of equine HR(V) data in various situations is currently topical (König von Borstel et al., 2011b; . High repeatability per se does not demonstrate the validity of a method, or of using a certain time-frame to obtain a measurement, but low repeatability does demonstrate lack of validity.
With the low-frequency/high-frequency (LF/HF) measurement, there is also limited consensus on where to draw the lines for LF and HF bands. Software such as Kubios for analysis of HRV data uses the human range as the default setting, but they may not be appropriate. For example, PhysickSheard et al. (2000) suggests frequency bands of (LF) >0.01-0.07 and (HF) >0.07-0.5 cycles/beat in horses.
b. The best current tools for measurement: The Holter monitor traces the electrocardiogram (ECG) continuously for a period of 24 hours or longer. It represents the gold standard, but it is expensive and can be impractical due to its limited mobility. With the fast improving technologies, it is expected that these devices will improve considerably in the next few years. Polar™ equipment is, according to validating studies in humans (e.g., Macfarlane et al., 1989; Thivierge and Leger, 1989; Kingsley et al., 2005; Gamelin et al., 2006) , among the most accurate available on the market. Significant problems with some Polar heart rate monitors have been reported (see Gorecka-Bruzda et al., 2012; Suwala et al., 2012) , so it is suggested that each device should at least be cross-validated against a second device.
c. A standard way to calibrate and/or validate cardiac recordings:
The standard way to validate the HRV-measurement tools is to compare measurements with ECG-recordings that have been obtained simultaneously. Thivierge and Leger (1989) considered correlation coefficients of 0.85 and higher and standard errors of the estimates and systematic errors of less than 5% of the average ECG values as requirements for a heart-rate monitor to be considered valid.
d. Outliers and missing values in HRV data:
One of the main questions is how to deal with outliers both in the original data and in means and other measurements calculated from them. Some common correction methods include the use of some filtering settings provided by the manufacturer's software, or the removal of individual values outside the physiological range. However, there is no consensus on which methods are the most appropriate. Since the biologically relevant difference is not known for the different HRV measurements, it is difficult to deduce required sample sizes. However, perhaps the most important issue is that we still need to develop consensus on how to recognize and deal with artifact in the raw data. It would also be helpful to develop protocols on how to handle data and to control for multiple comparisons.
Missing data are fairly common due to technical failure and so are a cause for concern. Accordingly, appropriate statistical tests that can handle missing data should be chosen for analysis.
Some question whether HRV values should be corrected for mean heart rate. There is some evidence that the relationship between behavioral parameters and HRV parameters changed in a few cases when mean HR was accounted for in the mixed model, in contrast to correlations between the behavior patterns and HRV parameters that did not correct for mean HR (König von Borstel et al., 2011b) . As HRV partially depends on HR, accounting for HR is judicious since it is not fixed.
Salivary cortisol: Elevation of cortisol is currently accepted as one measure of stress. Fecal cortisol metabolites can be used non-invasively to assess long-term stress (Schmidt et al., 2009 ), but more transient increases in cortisol release are measured in plasma and saliva. Unbound, biologically available plasma cortisol rapidly diffuses through the cells of the salivary glands and close correlations have been found between free cortisol in plasma and salivary cortisol concentrations in species including the horse (Peters et al., 2011) . The time taken for plasma and salivary cortisol concentrations to increase post-stressor is comparable (Hughes and Creighton, 2007) . It has been noted that baseline cortisol concentrations tend to increase with age (Hall et al., 2014) and training (Fazio et al., 2006) , highlighting the need to take baseline measures against which changes can be assessed and to record all details of the horses concerned to enable valid conclusions to be drawn.
The duration of the stressor affects increases in cortisol concentration and the scales over which they should be measured (Schmidt et al., 2010a; Schmidt et al., 2010b) .
Intervals for sampling saliva should be set at regular intervals throughout the study, with samples taken prior to set trials (e.g., a baseline) and at intervals during/post-trial. The cost of laboratory analyses may limit the frequency of sampling, but to enable comparison between studies, sampling should continue until 60 minutes post-study. Collection of saliva is generally by means of a cotton roll (e.g.,salivettes, Sarstedt, UK, that have been adapted to prevent the horse from swallowing them) inserted in the mouth and that the horse is allowed to chew on. The saliva/salivettes are then frozen at -20°C until laboratory analysis using an enzyme-linked immunosorbent assay (ELISA). Generally inter-and intra-assay coefficients of variability are reported to demonstrate the reliability of the findings.
Infra-red thermography (IRT):
Thermal imaging cameras produce visible images of radiation in the infrared range of the electromagnetic spectrum that is generally perceived as heat. Thermography has been used in medical/veterinary applications to monitor changes in body surface temperature and to detect early, pre-clinical signs of disease. Further discussion of previous applications of this technology, limitations and future potential can be found in the review by McCafferty (2007) . Changes in skin temperature have also been shown to be associated with emotional/stress-related responses in humans and other animal species. There is currently considerable interest in the potential for IRT to provide a non-invasive, immediate means of objective assessment based on the premise that rapid changes in blood flow due to sympathetic activation affect the amount of radiated heat which can be measured as changes in surface temperature c (Stewart et al., 2007) .
If IRT is to provide an immediate, non-invasive measurement of stress in the ridden horse, then a number of factors must be taken into consideration. Eddy et al. (2001) recommended that a controlled environment (e.g., draught-free environment with low-level lighting and an ambient temperature of less than 30ºC) is necessary to ensure the accuracy of thermographic scanning. In most applications involving ridden horses/field testing, including controlled ambient conditions is unrealistic; however, where possible, readings should be taken in a constant environment (e.g., within an indoor arena or barn) and not in direct/bright sunlight, draughty/windy conditions or high ambient temperatures. To determine the potential effect of ambient conditions on subsequent data, environmental temperature and humidity should be recorded at each IRT reading.
a. Environmental factors:
Environmental conditions at the time of IRT are crucial to obtain reliable measurements. Fluctuations of eye temperature within several seconds are commonplace and may be due to environmental factors (e.g., sun, wind, evaporation), presence of tears, cleanliness and the management of the horses prior to measurement. It is well known that practices such as rugging, cooling, complete rest, intake of food and water can affect core and eye temperature. These variables should be reported as should the details of whether the horses were housed inside or otherwise at the time of recording the eye temperature.
b. Why eye temperature? Decreases in body surface temperature in response to anxiety/fearprovoking situations have been recorded in a number of species, including humans (finger temperature, Ekman et al., 1983) , sheep (ear-pinna temperature, Lowe et al., 2005) and horses (lower limb, Eddy et al., 2001 ; ear-pinna temperature, Kay and Hall, 2009) . Circulatory changes in these areas undoubtedly reflect emotional state but, when measured using IRT, a number of factors relating to the surface being assessed will affect the readings. It was noted by Eddy et al. (2001) that for thermographic images to be accurate and clear the horse should have a clean, dry coat that had not been groomed within 2 hours before the scan. Also, no topical agents should have been applied and exercise and sedation should be avoided because of their effects on peripheral blood flow (Eddy et al., 2001) . Coat features such as color, thickness and moisture content can be sources of error (McCafferty, 2007) .
Changes in temperature of the eye and surrounding area have been associated with aversive procedures. Since this area is less affected by coat variations, it offers the best potential for accurate monitoring of stress responses. Acute stress responses of cows during disbudding produce a magnitude and duration of initial drop in eye temperature following disbudding without anesthetic was comparable to that found following a fright in cattle (Stewart et al., 2008; Schaefer et al., 2006 ).
An initial drop in eye temperature has been recorded in one horse following a visual startle test (Yarnell, 2012) . See Figure 1 . The change in temperature of the left eye was recorded over a period of 5 seconds (-1s from presentation of umbrella to +4s post presentation). The speed and duration of the response indicates that subtle temperature changes in response to stressors may be missed. The magnitude of change was greater than that found in cattle in response to pain (Stewart et al., 2008) . Movement away from the thermal camera may have contributed to the change, further emphasizing the need for controlled conditions. The duration of the response appears associated with the duration of the stressor.
c. Recording eye temperature: Reliable and repeatable eye temperatures can be recorded only if taken from a set distance of between one and two meters and at an angle of 90°. It is also useful to provide the following details of the temperatures (°C): range, maximum, mean maximum and standard deviation. Temperatures should be collected from a specified area. Valera et al. (2012) provide images showing the location and value of the maximum temperature recorded, and concurrent atmospheric temperature and relative humidity data. The lachrymal caruncle, the region associated with maximum temperature, has also been associated with responses to pain and stress (Valera et al., 2012) . This is likely the optimum location for monitoring affective state in the horse, though validation is required. The maximum temperature of each eye should be recorded within this area and if no significant difference is found between right and left eye, mean maximum eye temperature can be used.
d. Comparison with other measures:
Eye temperature has the potential for providing an objective, non-invasive measure of "stress" but still requires validation with currently accepted measures (heart rate, HRV, salivary cortisol). Correlations between maximum eye temperature and salivary cortisol responses in horses have been found (Cook et al., 2001; Yarnell et al., 2013) , although some variation is apparent (Valera et al., 2012) . More detailed comparisons of the timing, duration and extent of the temperature change and the autonomic (sympathetic) and hypothalamic-pituitary-adrenal responses are required to fully interpret IRT data.
One other notable correlation that requires further investigation is that found between eye temperature and core body temperature. Stress-induced increases in core body temperature in humans and other animals (Oka et al., 2001 ) range from 0.6-2°C, depending on stressor and species (Oka et al., 2001) . Thermographic eye temperature has been associated with core body temperature in ponies, so IRT has been suggested as a quick and non-invasive method of predicting fever onset (Johnson et al., 2011) . Comparable increases of both eye (1.5°C) and core body temperature (0.35°C) have been found when horses are lunged in a training aid (Pessoa) following the tightening of the equipment (Hall et al., 2011) . Physiological and physical responses to stress appear to result in body temperature changes, so core body temperature should be monitored where possible.
Physiological data collection may facilitate accurate interpretation of behavior. Maximum eye temperature has been shown to correlate with handling scores, with higher eye temperatures being associated with more anxious behavior (Hall et al., 2014) . Some IRT equipment can collect continuous images (video option e.g., MOBIR® M8 thermal camera used in Hall et al., 2014) . When still and video images were compared, eye temperatures from static images at a controlled distance were significantly higher than those obtained from the video footage. The distance from the horse, associated movement and variable angle affect temperatures recorded from video. Camera readings are impossible in bright sunlight (static or video), so refinements are needed for field condition measurements.
e. Validation of equipment:
Validation of equipment used is important. Few studies report how readings from the equipment compare with alternative measures of surface temperature, but results affect whether comparisons can be made. The data provided by the range of equipment now available are unlikely to be consistent/comparable between models or conditions. For example, even the length of time the camera has been switched on can affect the readings. Repeated validation trials throughout the study should confirm the reliability of readings taken.
The specification of the equipment used must be included in all studies, with reference to sensitivity, range and image-capture rate. The use of IRT to monitor body surface temperature has certain advantages over other methods, such as temperature loggers: temperatures obtained via sensors attached to the surface being monitored may be compromised by the insulating properties of the equipment; non-contact/laser thermometers record the temperature at a single point only. High specification equipment is costly but necessary for body surface temperature changes to be used as a means of assessing stress in the horse. The temperature changes found in other species (associated with emotional responses in particular) have been small and rapid and would not be recorded by many thermal cameras. The advantage of immediate data, which is easy to collect, must not be overshadowed by a lack of accuracy. IRT has real potential in the assessment of stress but a great deal of work is needed before the results of this approach can be relied upon and applied more widely.
Measurement of human-horse interaction
Measuring interactions within a dyad means that the responses of both contributors must be assessed at the same time. Such measures are challenging because biofeedback from the horse may affect the rider's behavior and vice versa. Numerous innate and acquired variables in both members of the dyad affect the results. Furthermore, assessment of equestrian technique can be based on undefined terms like "feel". Early examples of measurements include rein tension Manfredi et al., 2005; Warren-Smith et al., 2007; Heleski et al., 2009; Manfredi et al., 2009; Clayton et al., 2011; Kuhnke et al., 2010; Christensen et al., 2011; Hawson et al., 2014, König von Borstel and Glißmann, 2014) , leg pressure (Nevison et al., 2011 , Hawson et al., 2012 and pressure from the seat (de Cocq et al., 2010b; Clayton et al., 2013) . These studies were conducted to take the guesswork out of equitation, to identify what works and what does not and to ensure that, wherever possible, techniques that compromise horse welfare are addressed. Ultimately, this will help us define best practice. The emergence of smart textiles will help us study the human-horse interface , and together with the cooperation of some of the world's best performing competition riders, it is likely that what cannot yet be measured will be revealed.
Rein-tension measurements
Currently available equipment
To date, three rein-tension devices have been used in peer-reviewed research. These are the Mini Low Profile (MLP)-75™ load cell (Transducer Technologies, Temecula, CA, USA) (Clayton et al., 2011; Heleski et al., 2009; Manfredi et al., 2009) , the MLP-100™ (Transducer Technologies, Temecula, CA, USA) (Clayton et al., 2003; Manfredi et al., 2005) and ReinCheck™ (Crafted Technology, Sydney, NSW, Australia), derived using Signal Scribe™ (Crafted Technology, Sydney, NSW, Australia) (Edwards and Randle, 2010; Kuhnke et al., 2010 , Christensen et al., 2011 Randle et al., 2011; ) .
The accuracy of what can be measured is still being debated. Recording rein tension for analysis and display requires that the instrumentation converts the analogue tension into a digital form, a process that results in inherent loss of data. Display of the values is limited by the number of digital bits available to form the digital values representing the analogue-based tension (Staller, 2005) . Increasing the number of bits results in greater resolution and precision. Quantization error is also inherent in analogue-to-digital conversions of time-variant signals (Staller, 2005) . The effect of such errors on our current understanding of rein-mediated interactions is unclear, requiring ongoing recording of limitations of instrumentation.
Range and sampling rate
It is important that all tension meters are capable of measuring across the full range of tensions encountered in the reins of the ridden horse. The range capabilities of tension meters varied within studies, as did the range of tensions reported in the ridden horses. The highest recorded tension was 104 N by Clayton et al. (2005) . Horses will voluntarily tolerate tensions of up to 11 N (Christensen, 2011) , suggesting that tensions greater than this cause discomfort.
Sampling rate is an important factor in measuring rein tension. The physical rein tension is presumably changing continually while the digital signal is determined by how often the signal is recorded. If the sampling rate is too slow, critical changes in rein tension may not be observed. Clayton et al. (2011 ) confirmed Clayton et al.'s (2005 earlier report that the horse's stride produced a regular pattern of peaks in rein tension. In Starke et al.'s (2012) study, the horse's shortest mean stride duration of 683 ms was when trotting in a straight line. This provides a stride frequency of approximately 1.5 Hz (cycles per second) or 90 beats per minute. In contrast, stride frequencies reported by Clayton were 55 strides per minute for walk (Clayton, 1995) , 79 strides per minute for trot (Clayton, 1994a) , and 99 strides per minute for canter (Clayton, 1994b) . There are two peaks in rein tension for every stride cycle in walk and trot (frequency 1.8Hz and 2.6Hz respectively) and one per stride cycle in canter (frequency 1.7 Hz) .
Both horse and rider can also change the tension of the reins through muscular contraction. Desmedt and Godaux (1977) demonstrated that, in humans, motor unit discharge rates can be up to 120 Hz during contractions associated with throwing objects but that these may be less than 30 Hz in slow contractions. Horses are capable of fast movement, so it is likely that equine motor unit firing rates and consequent muscle movement can occur at a fast rate. Tension meters should sample rein tension at a similar rate as muscle contractions by both horse and rider can change rein tension.
Validation and Calibration
Humidity and temperature may affect the accuracy of the strain gauges within rein-tension meters. These are exactly the types of conditions that will change as horses warm up during ridden work. Validation of all rein-tension meters under practical conditions is necessary to ensure that the instruments are measuring within the agreed error range.
Calibration by suspending a known range of weights from the reins was first described by Clayton et al., (2003) and has been used in many studies. The range of weights should reflect the range of tensions expected to be recorded, currently approximately 0-11kg. It is unclear if conducting calibration in the vertical plane of instruments that will measure tension in a more horizontal plane affects accuracy. Researchers may need to consider alternative calibration techniques. Accurate and adaptable calibration systems must be incorporated into the design of rein-tension devices.
Until we can verify calibration techniques and be confident that the gauges are not adversely affected by changes in humidity and temperature, we have to recognize that, at best, we are reporting approximations.
Wireless
Making rein-tension meters wireless will minimize the equipment on the horse and provide real-time feedback to researchers, coaches and riders Warren-Smith et al., 2007) . There should also be a capacity to link with real-time surveillance (video) so that data can be matched to observed events. This would make it easier to provide focused feedback to riders. It is important that this linked facility provides for external control of data collection by turning the logging on and off and permitting placement of event markers on the recording.
Limitations and future requirements
It is hoped that technology in this area will continue to develop. Manufacturers should consider the current recommendations relating to range, sampling rate, ease and accuracy of validation and calibration. Wireless communication and control are mandatory as is minimizing weight. Perhaps smart textiles development may eventually provide for tension measurement within the material of the reins themselves. It is worth noting that rein tension per se does not relate directly to pressure in the horse's mouth, and providing real-time biofeedback to the rider and/or coach remains elusive. Since bit design has a major impact on the conversion of rein tension to the intensity and distribution of pressures in the horse's mouth, it is imperative that the type of bit used is reported.
Pressure-sensing instruments for use under rider and/or saddle
Pressure-measuring devices designed to objectively determine saddle fit have been available for some time (Harman, 1994; Jeffcott et al., 1999) . Pressure-sensing technology has been adopted from medical and mechanical applications. Several authors have garnered valid information for horse equipment design and fit Byström et al., 2010; Fruehwirth et al., 2004; Hofmann et al., 2006; Kotschwar et al., 2010; Latif et al., 2010; Meschan et al., 2007; Monkemoller et al., 2005; Nyikos et al., 2005; von Peinen et al., 2010; Werner et al., 2002; Winkelmayr et al., 2006) . More recently, attempts have been made to use this technology to measure changes in pressure on the horse's back from the rider's seat and legs (Belock et al., 2012; Byström et al., 2009; Byström et al., 2010; Clayton et al., 2013; de Cocq et al., 2008; de Cocq et al., 2009; de Cocq et al., 2010a , de Cocq et al., 2010b , Geutjens et al., 2008 Nevison et al., 2011; Nevison and Timmis, 2013; Peham, 2008; Peham et al., 2004; von Peinen et al., 2009) .
Currently used pressure sensors
There are currently two types of pressure sensor used in saddle pressure pads. Several manufacturers supply systems based on piezo-resistive sensors. These sensors detect changes in the resistance that occurs when the sensor is deformed. Pullin et al. (1996) and de Cocq et al. (2006) have raised concerns about the accuracy of these sensors when used to measure pressures on horses' backs. Jansson et al. (2012) reported that these types of sensors suffer a reduction in load output when exposed to increasing humidity, such as is found under the saddle of the ridden horse.
The most popular system adopted by equine researchers uses a capacitive sensor. When a force changes the relative distance between two closely associated membranes, there is a corresponding change in the capacitance (Puers, 1993) , which is converted to an electrical signal that is recorded. These sensors have the advantage of requiring low power, being more sensitive and less prone to drift or hysteresis than the piezo-resistive sensors (Puers, 1993) . Unfortunately, these sensors, at least in saddle pressure pad format, are also prohibitively expensive.
Pressure-measurement challenges
Regardless of sensor type employed, the area between the ridden horse's back and the rider's seat is complex with several interacting curved and deformable surfaces. This results in multi-directional forces moving at different velocities defined by the horse's movement, the rider's weight and the rider's capacity to synchronize with the horse's movement (Lagarde et al., 2005) . There are usually several layers of materials of different densities added to this already crowded space when a saddle is used. These include textile layer(s) of the seat of the saddle, structural materials associated with the frame of the saddle, shock-absorbing material and an external cover that contacts the horse's back. Commonly, riders use at least one further layer of external material between the saddle and the horse's back (Hawson et al., 2013) . All these layers create shearing, rotational and normal forces at each surface interface. Current sensors can only detect forces/pressures acting perpendicularly to the sensor. The surface of the horse's back is curvilinear and moves independently of the sensor mat. It is likely that data on saddle or seat pressure to date have not captured the tangential forces/pressures associated with shear, and so underestimate the total force acting on the horse's back. To date, most researchers have reported ranges, peaks and means of pressures under the saddle in terms of total area under the saddle as well as sections of the saddle. Although this research has produced useful measures for saddle fit, it is apparent that more sophisticated analytical systems must be applied in order to identify changes in pressure on the horse's back associated with movement, and ultimately to decipher cues riders may be supplying through bodyweight redistribution.
The pressure-sensing technologies employed in saddle pressure pads are similar to those used in many smart phones and touch screens. It is likely that consumer-driven demand for better technologies will also give rise to improvements in saddle pressure pad products. Ideally these measuring devices will be wireless and provide real-time data on screen. The sensor pads must be thin and deformable to match a variety of horse shapes, yet sufficiently robust to survive the rigors of being between riders, saddles and horses' backs. The sensors themselves must be accurate and reliable in this environment. There should be no cross talk between each sensor. Calibration should be automated and fast. Data analysis must become more sophisticated and dynamic in order to capture the complexities of the interaction between horse, saddle and rider.
Calibration and validation protocols
There are two issues here. First, how each type of sensor is calibrated and how calibrations and other quality-control standards are reported. Second, how the different types of sensor compare with each other under standardized conditions, so the data sets of different researchers can be appropriately contrasted in meta-analyses.
What endpoints to measure
Appropriate SI units should be used. It is anticipated that future workshops will develop protocols that address sampling rates, cross-referencing with other equipment running concurrently, how much data can be extracted and how best to handle such data as data collation may cause a loss of detail and potentially important information.
Conclusion
Equitation science will be enhanced by consistent and robust methodology. Within equestrianism there is a long tradition of performance assessment, based on behavioral responses and assumptions regarding how this behavior should be interpreted. More recently, research has provided evidence that some of these assumptions may be flawed and that further investigation is required. The framework paper presented here is intended to stimulate the development and use of standardized methods to assess horses' responses in equitation science studies, in order to improve equine health and welfare. These guidelines are expected to be especially helpful for early career researchers. They may also allow more experienced scientists to make informed decisions on methodological issues. The findings can then be used to inform the future direction of equestrianism. As with any new discipline, the methods used are at an early stage of development and it is imperative that we develop methods to ensure that subsequent studies are valid and comparable. It is also imperative that we collaborate with equestrian practitioners to ensure that the findings will be utilized. We believe that the recommendations provide an important step in underpinning equitation science research and that the potential impact of future research will be enhanced. It is anticipated that this framework will be updated regularly as new technology and software emerge.
